(ϩ/Ϫ) mice, were healthy up to nine months of age and intercrossed to obtain homozygous bcl10-deficient mutants (Ϫ/Ϫ). The null mutation of bcl10 in bcl10 Ϫ/Ϫ mice ‡ To whom correspondence should be addressed (e-mail: tmak@ oci.utoronto.ca).
in the forebrain, midbrain, and hindbrain at E11.5-E15.5 (Figures 2I and 2J and data not shown). These results indicate that bcl10 is dispensable for the execution of apoptosis during neuronal development but may mediate neuronal survival.
Normal Susceptibility of bcl10 Ϫ/Ϫ Cells to Various Apoptotic Stimuli
We next assessed the susceptibility of bcl10 Ϫ/Ϫ ES cells and embryonic fibroblasts (EF), as well as thymocytes and peripheral lymphocytes from adult bcl10 Ϫ/Ϫ mice, to various apoptotic stimuli. bcl10 ϩ/Ϫ and Ϫ/Ϫ ES cells were treated with anisomycin, cisplatin, etoposide, staurosporine, or UV-irradiation and apoptosis was evaluated at 6, 12, and 24 hr post-induction. No significant difference in the number of apoptotic cells was observed between the wild-type and mutant under all conditions tested ( Figure 3A and data not shown). Similar results were obtained when EF were tested with these stimuli and when receptor-mediated cell death was induced by tumor necrosis factor ␣ (TNF␣) plus cycloheximide or (Figures 2A-2D) negative, DN) thymocyte population was increased (ϩ/ϩ versus Ϫ/Ϫ, 1.6 Ϯ 1.1 ϫ 10 6 versus 2.6 Ϯ 1.6 ϫ and embryonic lethality between E18.5 and birth. bcl10 Ϫ/Ϫ embryos without NTD were morphologically indistin-10 6 ) ( Figure 4A, Ϫ/Ϫ lymphocytes. Nuclear extracts were prepared from purified T cells (left) or purified B cells (right) stimulated for 8 hr with medium alone (med), plate-bound anti-CD3 (10 g/ml) Ϯ anti-CD28 (1 g/ml), PMAϩIono (50 ng/ml each), or with 10 g/ml anti-IgM, PMAϩIono (50 ng/ml each), or 20 g/ml bacterial LPS. Gel mobility shift assays were performed using radiolabeled probes containing either NF-B (top) or AP-1 (bottom) binding site sequences. (D) Normal NF-B activation in response to TNF␣ or IL-1. Left: Bcl10 ϩ/ϩ and Ϫ/Ϫ T cells were stimulated for 30 min with medium alone (med), anti-CD3 (10 g/ml) ϩ anti-CD28 (1 g/ml), TNF␣ (10 ng/ml), IL-1 (10 ng/ml), or PMAϩIono (50 ng/ml each). Right: Primary fibroblasts (MEF) from bcl10 ϩ/Ϫ or Ϫ/Ϫ embryos were stimulated for 45 min with medium alone (med), TNF␣ (10 ng/ml) or IL-1 (10 ng/ml). Nuclear extracts were subjected to gel mobility shift assays using a radiolabeled probe containing NF-B binding site sequences. (E) Defective IKK activation and IB␣ phosphorylation and degradation in bcl10 Ϫ/Ϫ T cells. Bcl10 ϩ/ϩ and Ϫ/Ϫ lymph node T cells were stimulated with PMAϩIono (50 ng/ml each) for the indicated times. Top: Protein lysates were immunoprecipitated with anti-IKK␣ and IKK activity was assayed in vitro using recombinant GST-IB␣ (1-54) as a substrate. Bottom: IB␣ phosphorylation and degradation were determined by Western blotting. The same blot was sequentially stripped and reprobed with anti-phospho-IB␣, anti-IB␣, and anti-actin (loading control) antibodies. al., 1999), it was surprising to find that bcl10 is generally in bcl10 Ϫ/Ϫ mice, consistent with an increase in apoptosis of early TCR␣␤ ϩ thymocytes that are CD4 Ϫ CD8 Ϫ . not required for the execution of cell death. A wide variety of stimuli induced apoptosis in a dose and time It is possible that these transitional cells are either lacking a differentiation signal reflected in impaired upregudependent manner to the same extent in the presence or absence of bcl10, regardless of whether cell death lation of CD4 and CD8 expression and a failure to survive, and/or a survival signal, which might depend on was induced through receptor-mediated or mitochondrial pathways, in vivo during embryonic morphogenetheir clonotypic TCR. However, bcl10 is not required for anti-CD3 induced cell death in thymocytes, indicating sis, or in vitro in ES, EF cells, isolated thymocytes, or mature B or T lymphocytes. Although we cannot rule out that this signal is transduced by bcl10-independent, downstream pathways. In addition, bcl10 appeared disthe formal possibility that bcl10 might be proapoptotic in some rare circumstances, we believe that bcl10 is unpensable for overall T and B cell differentiation or early B lymphopoiesis. Interestingly, although bcl10 plays likely to be an essential component of the mammalian cell death machinery. We speculate that the apoptosis similar roles in mature B and T cells, this finding suggests a differential requirement for bcl10 in their precurinduced by transiently overexpressed bcl10 may reflect a cellular response to extreme supraphysiological levels sors. A similar phenomenon has been described in lymphocytes deficient for the transcription factor NF-ATc1 of bcl10 protein, which may be mediated by its C-terminal domain.
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